There are still doubts about the real benefits of physical activity on the academic performance of adolescents. The aim of this study was to determine whether the physical activity (PA) interferes in the academic performance of high school students. The study included 348 adolescents from one federal public school. For information regarding PA, the International Physical Activity Questionnaire (IPAQ short-version) was used. For PAL classification the adolecents who had 300 minutes/week or more of physical activity were considered as active. The information related to the participation in sports schools was obtained through a question inserted in IPAQ. For the academic performance, the average grades of the first semester of 2015 were used, within the three major Knowledge Areas, as defined by the National Curriculum Standards. There was no significant correlation between academic performance and PA (r= 0.06; p= 0.28). Higher minimum scores were found among active high school students and higher average school for areas 1 -Languages, Codes and its Technologies (7.2±0.8) and 2 -Natural Sciences, Mathematics and its Technologies (6.6±1.3) among participants in sports schools, with statistical significance (p= 0.017; p= 0.014). In conclusion, PAL did not relate to the academic performance of pupils in this study and participants of sports schools achieved better academic performance demonstrating that sports activities can cause beneficial effects in their cognitive performances. 
Introduction
There have been a growing number of studies suggesting that regular physical activity (PA) promotes positive impacts beyond those related to the physical health of the individual. Evidences suggest relationship between PA and academic performance in school during childhood and adolescence [1] [2] [3] , triggered by the positive impacts that the PA has on mood, memory, concentration and behavior in the classroom 4 .
A study with American school children found a significant relationship between strength components and muscular endurance with higher grades and academic performance associated with physical activity of vigorous intensity 5 . In another research 1 , besides endurance (muscle resistance), a higher correlation coefficient was observed with aerobic fitness, in boys who were in the 'Healthy Fitness Zone' for aerobic conditioning and muscle strength. They were 2.5 to 3 times Copyright: This is an open-access article distributed under the terms of the Creative Commons Attribution License®, which permits unrestricted use, distribution, and reproduction in any medium, provided that the original author and source are credited. more likely to get better results in Math and Reading. In girls, these values were slightly higher, because those who were in the 'Healthy Fitness Zone' were 2 to 4 times more likely to have good academic performance.
In Portugal, those students who had higher fitness levels, showed a trend of obtaining higher scores. Although females did not present this trend with such evidence, the students with lower levels of physical fitness showed the worst results in their academic performances 6 . Thailandese school students participated in a study 7 in which researchers reported that the improved cardiovascular fitness showed stronger longitudinal relationship with academic performance, although they did not find direct associations between physical fitness and academic performance. Corroborating these findings, a study with students from Finland 8 found that adolescents who had high levels of academic performance and reasonable time spent in sedentary behaviors had two times a greater chance of having better school performance when compared to their sedentary peers.
In Brazil, there are few researches on the relationship between PA levels with academic performance. A survey of 226 students in the city of Ilhabela revealed an association between muscle strength of lower limbs and school performance in the discipline of science 9 . A study in Pelotas, which aimed to examine the associations between physical activity with academic and cognitive performance, found that teens, who are active at moderate levels, tend to have superior cognitive performance 10 . However, although evidence suggests that participation in PA is positive for the academic performance, some studies have found no results corroborating with these ideas 7, 11, 12 , which makes controversial the presence of this relationship 13 . In order to extend these discussions, the aim of this study was to determine whether PA is related to academic performances of high school students.
Methods

Participants
Three hundred and seventy-seven students enrolled in high school (1st, 2nd and 3rd years) of a federal public school were invited to participate in this cross-sectional study, in the city of Santa Maria, Rio Grande do Sul. The inclusion criteria adopted were: to be regularly enrolled in high school, to present the Consent Form signed by parents or guardians and also by the student and to answer the research instruments. Of the 377 pupils enrolled, 348 (92.3%) met these criteria, which is the final number of participants in the study.
Procedures
After contacting the school direction in order to request the authorization to carry out the study on the premises, there was contact with the research subjects to give them information about the study objectives, how the data collection would occur and request them to take home to their parents the Consent Form to be signed by them. The work was conducted within the ethical standards of Helsinki Declaration of 1964 and according to the resolution 466/12 of the Ministry of Health. The study was approved by the Research Ethics Committee of the Federal University of Santa Maria, with the protocol number 45388715.0.0000.5346.
For information regarding time spent in PA, the International Physical Activity Questionnaire (IPAQ short-version), validated for use in adolescents 14 , was used. For the interpretation of the results, the time spent in PA was stratified in two groups: active for those that spent 300 minutes per week or more in PA and insufficiently active for those who spent less than 300 minutes per week in PA 15 . It was also asked if they participated in sports at school groups. The sports are offered by the educational institution during school day and develop training activities in athletics, basketball, futsal, field soccer, handball, volleyball, orienteering and modern triathlon. Data collection regarding PA levels was held in June 2015 in the last week of school before school recess, during the periods allocated for physical education classes. The IPAQ was administered to all students at the same time in the school auditorium, since it is a self-applied questionnaire.
The data relating to academic performance of each pupil were obtained from the Technical Section of the institution, sector responsible for feeding the computerized system in which students' grades are recorded, and made available to researchers in the return of the school break ( July/2015), after being computed the academic evaluations of the first semester.
The individual scores obtained at the end of the first semester of 2015 were used, including the three major Knowledge Areas, as defined by the National Curriculum Parameters (NCP) 16 and distributed as follows: Area 1 -Languages, Codes and its Technologies: comprises the disciplines of Portuguese language, Literature, Arts, Modern Foreign language and Physical Education; Area 2 -Natural Sciences, Mathematics and its Technologies: encompasses Biology, Chemistry, Physics and Mathematics; Area 3 -Human Sciences and its Technologies: includes the disciplines of History, Geography, Sociology and Philosophy.
The final score of the first semester was composed of the sum of periodic grades (PG) of the first two marking periods. The PG is composed by the grade of the partial assessments (PAs) plus the evaluation grade (EG) of the study, divided by two: PG =(PAs + EG)/2. PAs checks what is carried out immediately after the end of a subject or content, research works, exercises or other unique teacher discretion instrument. The EG is the formal evaluation event, held at the end of two months and includes all the content worked in the bimester 17 . The academic performance grades range from 0 to 10 points.
Data Analysis
The data distribution curve was analysed through the Kolmogorov-Smirnov test. Descriptive analysis was performed (average, minimum and maximum values, frequencies and percentage) in the characterization of the study population. After that, the Mann Whitney test was used to check the possible difference between the means of academic performance in the three Knowledge Areas among the groups stratified as active or insufficiently active. The Spearman test was used for correlations analyses between time spent in PA and academic performance, which were performed using the Statistical Analysis System (S.A.S), version 9.2 and GraphPad Prism 5, version 5.01. The significance level was 5% (p<0.05).
Results
The study included the total of 348 students enrolled in high school, 53.2% males and 46.8% females, with a mean age of 16.28±1.07 years old, ranging from 14 to 19 years old. From all the students, 7.7% refused to participate in the study or were not present on the day the data collection instruments were applied.
PA presented variability amplitude between zero and 2.250 minutes per week. More than half of the subjects were considered physically active and a third of them participate in sports schools. Table 1 characterizes the study population stratified by high school year, PA level and participation in sports.
The students' academic performances were analyzed by the average grades for each subject that composes the Knowledge Areas recommended by the NCP. The correlation between variables was positive for area 3 and negative for areas 1 and 2, however, not statisticaly significant (Table 2) . Similarly, no differences were found between the means of academic performance analyzed considering the PA levels. Table 3 shows the comparisons between each area`s means, stratified by time spent in PA weekly and participation or not in sports schools.
Even though no statistically significant difference was found in the academic performance between the active and insufficiently active groups, it is clear that the minimum score of the active group was higher than that of the inactive group in Area 1. For top marks, both groups were able to achieve scores higher than 9.0.
Differences were found in the average academic performance of Areas 1 and 2, when comparing the participants and non-participants in sports schools. Underlining this result, the minimum marks obtained by the participants in sports schools in these areas were higher than the ones in the non-participants group. With regard to maximum scores, the pattern of academic performance remained similar to the one obtained in PA level, with rates above 9.0 points. Con- trary to what happened in areas 1 and 2, area 3 did not report any difference between the averages of active and inactive students, and it showed higher minimum grades, both in the inactive group and among those who did not participate in sports schools.
Discussion
It was not possible to stablish a significant correlation between PA and academic performance in this study, and the participants in sports schools presented a better performance in Areas 1 -Languages, Codes and its Technologies -and 2 -Natural Sciences, Mathematics and its Technologies -compared to those who did not engage in sports schools.
Results that don't show any relation between PA and academic performance have also been shown in other studies 18, 19 . In an investigation with Iranian boys, Kalantari and Esmaeilzadeh 11 found no significant relationship between school performance and PA, although the results were positive for aerobic conditioning. The results found by LeBlanc et al. 20 also did not support the hypothesis that higher PA is related to better academic performance.
Although no significance was observed between the variables, a negative correlation was shown for areas 1 and 2, suggesting that the higher the academic performance, the lower the PA level. This result may be justified by the fact that academic success within the studied institution is valued more than in other schools, including awards and the distinction at the end of each quarter to students with the best academic performances within each class. The personal desire to achieve better grades may be limiting the time for involvement in PA. Pressure for academic success within the educational institutions leads the school to spend more time with areas such as Mathematics and Languages at the expense of being physically active 2 . Beside that, the particularities inherent to the school`s education system, requires the students to use a longer time to prepare to go to school, which includes taking care of their uniforms, hair up for girls, and for boys it should be trimmed every two weeks and the beard must be shaved daily. These factors, coupled with the fact that the displacement is carried out by school transport, submit the students to a longer and tiring journey (over 6h/d), which makes the days too short to perform many tasks, requiring them to prioritize some activities.
However, some teens choose to prioritize PA, which can lead to less time available to perform schoolwork and to study. Thus, the PA takes the time that could be used carrying out these and other educational readings, and this can interfere in their academic performances 10, 11 . Teenagers who provided more than 2.5 hours a day of physical practice were more likely to academic failure, suggesting that overtime attributed to PA may affect school performance 10 .
The regular practice of PA in adolescents has been widely discussed in the literature, generating consensus about its benefits. However, at school, this understanding does not support the prioritization of PA, besides the class periods for physical education. School managers and teachers from other disciplines, often concerned about the exam evaluations of educational institutions, such as the Basic Education Development Index -IDEB and the National High School Exam -ENEM, prioritize increasing workload of subjects like Math and Portuguese, over the periods for physical education, which is sometimes the only time that the students have the opportunity to perform PA.
It is important to highlight that in spite of all evidences shown in this study, the literature indicates that there is a link between academic performance and better physical fitness [3] [4] [5] and good aerobic capacity 1, 21 . The intensity of the PA also appears to influence the academic performance 8, 10, 22 . A recent systematic review 23 showed the existence of a positive association between measures of cognition and the practice of PA. Thus, a different analysis was proposed in this study, in which tha differences between the active and insufficiently students were considered, as well as the between the participants in sports schools and non-participants.
Although higher grades were related to lower PA, and no difference was seen between the average scores of active and insufficiently active students, the evaluation of the minimum and maximum scores for each area encourages a few thoughts. Both groups of students, considered active and insufficiently active, achieved similar top grades, which were higher than 9.0 points. Regarding the minimum score obtained in area 1, a slight superiority in active students was found.
American students who received an extra hour of academic instruction per day did not show higher scores compared with those who were enrolled in physical education classes; however, higher grades were associated with performing vigorous PA 21 . Among the most active pupils, the highest scores were found in area 2, which includes Mathematics, and the lowest scores were similar between the active and insufficiently active students. According to Chen et al. 7 , cross-sectional studies report that cardiovascular fitness is positively related to the global academic performance and the relationship may be stronger for Math than for Reading. Although another methodology was used, the study of Chomitz et al. 3 , when examining the relationship between the components of physical fitness with evaluative tests in Mathematics and English, found a positive correlation of Reading and Math with the aerobic capacity of adolescents and good physical fitness increased by 24% the chances of passing the English test. It is noteworthy that, in this study, Reading and English are part of knowledge area 1, where higher minimum scores were found.
Significant results were found when analyzing the differences between the average academic performance of participants and non-participants in sports schools, for areas 1 and 2, including higher minimum grades for the participants and similar maximum grades. However, in the case of grades ranging from 0 to 10 points, the lag of two-tenths or four-tenths appears to translate the significance found, since the difference is small. Further investigation also showed the power of sport in academic achievement 24 and higher average grades among teens that practiced sports 25 .
Corroborating the findings of this study, Kantomaa et al. 8 in a recent survey of more than 8.000 Finnish adolescents, concluded that participation in organized PA, such as sports clubs, were positively associated with their academic performances. It may be justified by the fact that their involvement in these organized activities allows them to develop the ability to listen and follow rules, and choose courses of actions that are appropriate for certain situations that arise during sports practices.
It is noteworthy that the sports clubs of the studied school are offered when the students are not in class and are free of charge. In addition to facilitating the participation of that teenager who prioritizes the PA practice through sport, the student who is already academically successful can enjoy the easy opportunity to access a suitable environment for sports. This can also be considered a justification for the better academic performance among participants in sports schools, going back to what was described by Chen et al. 7 .
Another possible basis for the better academic performance of participants in sports schools can be found in the fact that the activities in sports clubs within the school have vigorous intensity and this seems to be an important factor in increasing school performance. American students who participated in vigorous activities during a semester had better academic results compared to students who did not perform any vigorous activity 21 . An intervention performed with 48 Greek students also showed the beneficial effects that high intensity seems to exert on cognitive performance, and it was suggested that the day should begin with high intensity PA to obtain a better performance during the day 26 . An increased PA during the school day may reduce boredom, leading to an increase in the student's capacity for attention and concentration, benefiting the academic performance 27 . The sports schools of the studied institution, actively participate in competitions, in municipal, state and national levels, and this fact may lead to the development of a training with greater intensity. In the study conducted by Coe et al. 21 , participants who attained higher levels of vigorous activity were those who participated in sports activities. In the longitudinal study developed by Marsh and Kleitman 28 , the participation in sports in high school had positive effects in the academic performance during the school year, providing increased self-esteem, better aspirations and educational and occupational achievements.
Still, according to Trudeau and Shepard 29 , the literature shows that the benefits of sport for the academic performance are more likely to be achieved if offered within the school context, taking advantage of educational resources and environment. It is noted that in addition to the benefits of sport for the academic performance, sports skills acquired in childhood and adolescence can be the best way to ensure the practice of PA during adulthood 30 . Some limitations in the development of this study should be noted: the fact that the used questionnaire is self-applied can lead to loss of more precise information, despite the detailed guidance to students on completing it, and the lack of data concerning socioeconomic status and parental education should not be taken for granted, since these are information that can interfere with the analysis and discussion of the results. Although there are limitations, this is the first research which sought to establish the relationship between PA levels and the academic performance of students, within the 3 major areas of knowledge advocated by NCP, helping in the discussion of future investigations.
There was no significant correlation between PA level and the academic performance and no difference between active and insufficiently active students, leading to the conclusion that the level of PA did not have any effect on the academic performance of students in this study. The participants of sports schools achieved better academic performance, demonstrating the beneficial effects of sports on the cognitive performance.
Knowing that regular PA does not seem to cause losses for academic performance and being aware of of all positive benefits it has in the health of adolescents, the support and assistance of school managers and teachers in creating effective mechanisms and actions aimed at increasing the adolescents` PA levels are very important. The physical education classes contribute to this increase and may be the right moment to develop awareness of the importance of the positive effects of PA and sports, in addition to health benefits. Whereas adolescents spend much of the day at school, this seems to be the adequate space to provide the awakening and promote among school children the perception that the involvement in sports is an important tool to contribute to their academic achievement.
